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SUMMARY 
'l'he general results on the influence of the type of butter 
culture and its method of use on the flavor and keeping quality 
of salted butter are summarized in tabulation A, page 398. 
In the manufacture of butter higher in score than any of the 
commercial grades various procedures appeared to be of advan-
tage. One of these was the use of citric acid in the milk from 
which the butter culture was made and the neutralization of the 
s1Yeet crcam so that a high flavor could be produced through the 
addition of considerable culture, without ' an excessively acid 
flavor also being obtained. 
The Influence of the Type of Butter 
Culture and Its Method of Use 
on the Flavor and Keeping 
Quality of Salted Butter* 
By N. E. FABRIOIUS AND B. VV. HAMMER 
The search for methods of buttermaking that ,,"ould yield a 
uniform product of good keeping quality led to the introduction 
of cream pasteurization and the ripening of the treated cream 
with selected cultures of bacteria. At about the time this pro-
cedure was deve10ped, evidence began to accumulate which indi-
cated that salted butter made from sweet cream deteriorated less 
on holding than salted butter made from ripened cream and, 
eventually, the influence of acid on certain types of chemical 
deterioration in butter was definitely established. The conflict 
between a high acidity in the cream and good keeping quality in 
the resulting butter has necessitated drastic changes in the 
methods of using butter culture in the manufacture of salted 
butter. Over the years, in an attempt to avoid certain types of 
deterioration in the butter, there has been a gradual lowering 
of the cream acidity at churning. Most butter plants in the 
United States now use a relatively low acidity in the cream. 
The general procedure is to hold the mixture of cream and 
butter culture at a low temperature in order to avoid significant 
increases in acidity. 
While a comparatively low cream acidity is rather regularly 
employed in plants making salted butter, there are definite vari-
ations in the methods of using butter culture. Some of these 
are the result of choice on the part of the various plant opera-
tors, while others are determined by the equipment available in 
a plant and by the hours during which the plant is in operation. 
In some cases, because of conditions which are more or less 
beyond his control, a plant operator uses a procedure that he 
recognizes is not the most desirable. 
During the past 8 years, studies have been conducted at the 
Iowa Agricultural Experiment Station on the methods of using 
butter culture in the manufacture of salted butter. The objects 
have been to attempt to determine, (1) whether there are signifi-
cant differences between various methods of using cultures, and 
*Project 127, Iowa Agricultural Experiment Station. 
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(2) whether a culture can be modified so it ,,·ill gIve a more 
desirable flavor to the butter. While results obtained in one 
plant are not necessarily applicable to another because of differ-
ences in the quality of the cream and butter culture and in the 
composition of the butter fat itself, data collected under one set 
of conditions are definitely suggestive from the standpoint of 
other conditions. '1'he results obtained are presented in a series 
of tables. Each table is discussed only briefly because the essen-
tial points are evident in the data, and the purpose has been to 
present results which can be interpreted from different view-
points, rather than to draw rigid conclusions. 
EQUlPME~T, :\IA'l'ERIALS AND METHODS 
EQUIPMEN'r 
Vats of 300-gallon capacity were used in handling the cream 
needed in a series of churnings, and small ones of various sizes 
for that used in individual ehurnings. Two vertical, solid agita-
tor jacket type culture vats were employed in making the butter 
culture, although in some instances the culture was made in 
10-gallon <:ans held in a tank of water. The churns used had 
capacities of 600 and 60 pounds, the large churns being employed 
for certain control churnings and the small ones for churnings 
given spccial treatment. 
MATERIALS 
All of the rream wa.s gathered cream delivered to two stations 
and the butter laboratory operated by the Iowa State College, 
while the milk for butter culture was delivered to the milk 
laboratory from eight farms in the vicinity. 
I'HEPAHATION OF BUTTEH CULTUHE 
The milk for butter culture was received at about 8 a. m. and · 
held in the cooler until noon. In some cases an effort was made 
to select milk on the basis of its flavor and, occasionally, the 
methylene blue test was made a basis for the selection. In a few 
instances mixed milk from all the patrons was used. The milk 
was pasteurized at 190°F. for 1 hour in a culture vat, cooled 
to 71 OF., and inoculated with about 2 percent mother culture. 
The culture was added to the milk slowly, with the agitator in 
motion, and the milk then stirred vigorously with ,a sterile stir-
ring rod. '1'he temperature of the culture room was thermostati-
cally controlled at 71 OF . during the cool months while there 
was no eontrol over the temperature during the warm months. 
A culture was usually ripe in about 16 hours. It was cooled 
to as Iowa temperature as possible in the vat, usually to 58°F., 
and then put into cans and placed in a refrigerator, where it 
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was stirred from time to time until the temperature reached 
about 40°F. 
The same general procedure was used when the culture was 
made in cans; the ripened culture was held in ice water with 
frequent stirring until it reached 40°F. and was then placed 
in a refrigerator. 
METHOD OF BUTTER MANUFAOTURE 
The cream used for the manufacture of the ,butter was usually 
pasteurized at 145°F. for 30 minutes. In all cases the steam: jet 
system of forced circulation was employed. The cream was 
commonly cooled directly to 38°F., water at about 52°F. being 
used to cool it to 60°F. In the large vats it was then cooled 
to 38°F. with brine at about 20°F., while in the small vats ice 
water was circulated by the self circulating method. The gen-
eral practice of holding the cream at a low temperature for 
some time before churning was followed. When held in the 
large vats over night the temperature of the cream increased 
about 4°F. The small vats were found unsatisfactory for hold-
ing the cream, so when it was treated in a small vat it was 
cooled and drawn into steamed 10-gallon cans which were 
placed in a refrigerator having a temperature of 32° to 43°F. 
Before use, a churn was filled one-third full of cold water and 
rotated for about 10 minutes. During this time the cream was 
adjusted to a temperature that would give a churning period of 
50 to 60 minutes. Cream held in cans was put into a small vat 
for this purpose. To adjust the churning temperature the coils 
were filled with water and the steam valve merely cracked so 
the adjustment took place slowly. In the case -of a large churn-
ing a centrifugal cream pump was used to transfer the cream 
from the vat to the churn, while with a small churning cans were 
employed for transferring. 
A high grade vegetable color was used in varying amounts 
during the season when color addition was necessary. This was 
added directly to the cream in the churn. 
The cream was churned to granules about the size of a pea 
and the buttermilk drawn. The granules were then rinsed with 
water which was 4°F. colder than the buttermilk during the 
warm months and 2°F. colder during the cold months. After 
the water ran clear from the buttermilk vent, wash water equal 
in volume to the buttermilk was added and the churn revolved 
four times in high gear. Then the butter was drained nearly 
dry through the 'buttermilk vent, worked a few revolutions, and 
a first moisture test made. While making this test all the loose 
moisture was drained through a loosely fastened door. On the 
basis of the moisture test, water and salt were added to give 
about 1.5 percent salt and 16 percent moisture in the finished 
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butter. The salt was added in a trench and enough of the 
required water was included to moisten the salt. The trench 
was then carefully closed and the remainder of the water added. 
The butter was worked until droplets of the free moisture were 
visible only on the churn door and no moisture could be squeezed 
out of the butter with paddles. 
After using a churn it was cleaned as follows: Lukewarm 
water was added and the churn revolved a few times and drained. 
Then the churn was filled one-third full of water at 150° to 
160°F., one-half pound of lime ·'added, and revolved for 30 min-
utes. The water was drained and the churn filled one-half full 
of, ·water at 190° to 195°F. and again revolved for 30 minutes. 
It was finally drained and allowed to dry. Periodically the 
churns were treated with a hypochlorite solution. 
SCORING THE BUTTER 
The samples of butter for the fresh scoring and the scoring 
after a few weeks at 28°F. were put into earthenware jars of 
about 2 pounds capacity while those for cold storage were put 
into 10 or 20 pound butter tubs and held at about OaF. The 
cold storage samples were tempered 1 to 2 days at 38°F. before 
they were examined. . 
The butter was scored by O. A. Storvick of the Gude Brothers 
Kieffer Company, H. D. Reynolds of the Fitch Cornell Company, 
R. O. Storvick of the Iowa State Brand Creameries, Inc., Roy 
Scoles of the State Department of Agriculture, A. W. Rudnick 
and Hubert Meier of the Iowa State College Extension Service 
and M. Mortensen of the Iowa State College Dairy Industry 
Department. Each time butter was scored from two to five of 
these men participated and the scores recorded represent their 
judgment. 
SUMMARY 1 
Fresb Storage 
Butter Butter 
Number of high scores with culture added 16 bours before cbur!1ing _______________________________________________________ _ 21 18 
Number of blgb scores with culture added at cburnlng__________ 3 5 
Number of tie scores____________________________________ ___________ 4 5 
. Total __________________________________________ :~ __ ~____ 28 28 -
Mean difference In scores___________________________________________ .357*' .304' 
'Indicates "significant." 
-Indicates "highly significant." 
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STATISTiCAL TREATMENT 
'l'he method used for testing significance is that of "Student' j 
as modified by Fisher'. The calculations were made in the 
Statistical Laboratory under the direction of G. W . Snedecor. 
A single asterisk following a mean difference indicates "sig-
nificant," while two indicate "highly significant." When un-
accompanied by an asterisk, the difference is not significant. 
EXPERIMENTAL 
INFLUENCE OF THE METHOD OF USING BUTTER CULTURE 
Data showing the influence of the method of using butter cul-
ture on the flavor and keeping quality of butter are presented 
in tables 1 to 5 inclusive. 
Table 1 gives the r esults of 28 trials with sweet or only slightly 
sour cream in which the addition of butter culture to the cream 
16 hours before churning was compared to the addition at the 
time of churning. The cream was pasteurized and cooled to 
38°F. in a large vat, and two 150-pound portions placed in 
steamed cans. Eight percent of cooled culture was added to one 
portion immediately and both portions were held at 37 0 to 41°F. 
until the following morning. Eight percent of the same lot of 
culture, which had been held cold over night, was then added 
to the other portion and both portions churned. The trials 
covered a period of 6 months. 
A comparison of the scores of the butter is given in summary 1. 
The addition of culture to the sweet or slightly sour cream 16 
hours before churning gave ·butter significantly higher in score 
than the addition at the time of churning, both when the butter 
was fresh and after cold storage. 
In the 11 trials in which acetylmethylcarbinol plus diacetyl 
determinations were made on the cream at churning, the addi-
tion of the culture 16 hours before churning commonly resulted 
in higher values than the addition at the time of churning. This 
was not the case in two of the trials and with these the butter 
made by adding the culture 16 hours before churning scored 
lower than that made by adding the culture at churning. In 
trial 23 there was much more acetylmethylcarbinol plus diacetyl 
in the cream at churning than in any of the other trials. Pre-
sumably, this was due to the relatively high acidity in the cream 
at churning which, in turn, was partly due to the relatively high 
acidity in the original cream. 
Table 2 presents data on the addition of butter culture to 
the cream at various periods before churning. In some of the 
trials a churning was also made without the use of culture. 'fhe 
'Fisher, R . A. Statistical methods for r esearch workers. Oliver and Boyd, 
Edinburgh. Sixth Edition, 193 6. 
sweet cream was pasteurized and cooled to 38°F. in a large vat. 
Then from three to five portions of 150 pounds each were re-
moved to steamed cans. The following treatments were used 
with the cream: 
1. Pasteurized cream was held over night at 36° to 39°F., 
8 percent culture added, and the portions churned immediately, 
after 3 hours, or after 6 hours. 
2. Pasteurized eream to which 8 percent culture was added 
immediately after cooling was held at 36° to 39°F. and churned 
after 16, 40, 64, 88 or 112 hours. 
3. Pasteurized eream was held over night at 36° to 39°F. and 
churned without adding culture. 
'l'he trials involved a period of 3 months. 
'rhe scores on the butter were not treated statistically because 
of the small number of trials with each treatment. However, 
holding the cream for 3, 6, or 16 hours after adding culture 
usually gave butter higher in score than the addition of the cul-
ture at the time of ehurning, which agrees with the results 
reported in table 1. Holding the cream for longer than 16 hour!> 
after adding eulture usually did not give butter higher in score 
than a 16-hour holding period. The butter made with culture 
was commonly higher in score than the butter made without 
culture when fresh. The scores after cold storage were only avail-
able on two of the trials. 
'rhe acetylmethylcarbinol plus diacetyl contents of the ere am 
at churning were sometimes increased and sometimes decreased 
by holding for 3, 6 or 16 hours after adding the culture, and the 
effect of holding for 40, 64, 88 or 112 hours was also variable. 
Results of 13 trials with sour cream in which the addition of 
butter culture to the cream 16 hours before ehurning was com-
pared to the addition at the time of churning are given in table 3. 
'l'he cream was neutralized to as near 0.20 percent acidity as 
possible, pasteurized at 150°F. for 30 minutes, instead of the 
usual exposure, and then cooled to 38°F. Two 150-pound por-
tions were removed and treated in the same manner with respect 
to the use of culture as the cream e'mployed in obtaining the 
data presented in table 1. A period of 6 months was covered 
by the trials. 
Summary 2 compares the scores of the butter. The addition 
of -culture to sour cream 16 hours before churning gave butter 
significantly higher in score when it was fresh than did the addi-
tion of culture at churning time. The difference in score was 
not -significant after cold storage. In the latter case, however, 
the numbers of high scores were 10 and 3, respectively, with 
the two treatments. 
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SUMMARY 2 
Fresh Storage 
Butter Butter 
Number of high scores with culture added 16 hours before 
10 churning _ ________ ____ ____ ____ ___ ___ __ ______ ____ __ __ __ __ __ __ __ __ _ 10 
-------1------1------
Number of high scores with culture added at churning__________ 3 
Number of tie scores ______________________________________________ _ o 
To t8L_ ___ __ ______ ____ ____ ______ ______ __ __ ____ ____ _______ 13 13 
Mean difference in scores_____________________ _____________________ .500** .385 
The comparative effects on the resulting' butter of adding 8 
percent or 10 percent of butter culture to cream after cooling, 
or of adding 8 percent culture at 70°F_ and ripening 1 hour 
before cooling, are presented in table 4. 'l'he sweet cream was 
pasteurized and cooled in a large vat to 70°F. One 150-pound 
portion was then removed to a 70-gallon vat and 8 percent cul-
ture added_ After ripening 1 hour the cream was cooled to 
38°F. and placed in steamed cans. The cream remaining in the 
large vat was cooled to 38°F. and two portions of 150 pounds 
each removed to cans. Using the same lot of culture that was 
employed in ripening the cream, 8 percent culture was added 
to one 0.£ these portions and 10 percent to the other_ All three 
portions were then held at 35° to 43°F. until churned the next 
morning. The trials covered a period of 4 months_ 
Comparisons of the scores of the butter are given in sum-
maries 3, 4 and 5. 
The addition of 10 percent butter culture to cooled cream 
gave butter significantly higher in score than the addition of 
8 percent culture when the butter was scored fresh, after hold-
ing at 28°F. or after storage. Ripening the cream yielded more 
high scores than the use of 10 percent culture when the butter 
was scored fresh or after holding at 28°F., while after cold 
storage the 10 percent culture gave more high scores; however, 
the differences were significant only with the butter held at 
28°F. When compared to the use of 8 percent culture, ripening 
the cream gave more high scores when the butter was scored 
fresh, after holding at 28°F. and also after cold storage, but 
the differences were significant only with the butter held at 28°F. 
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SUMMARY 3 
Number of high scores witb 10 percent culture 
Fresb 
butter 
added after cooling________________________________ 4 
Butter 
beld Storage 
at zsoF. butter 
4 6 
-----1--------1--------
Number of high scores with 8 percent culture 
added after cooling________________________________ 0 
Number of tie scores___________________________________ 6 
TotaL____ __ ____ __ __ __ __ __ __ __ __ __ __ __ __ __ ___ 10 
Mean dIfference in scores_____________________________ .100* 
SUMMARY 4 
Fresh 
butter 
Number of high 8cores with rl~ening for 1 hour ____ • 6 
0 
10 
.150" 
Butter 
held 
at zsoF. 
8 
-------1·-------1 
Number of high scores with 10 percent culture 
added after cooling _______________________________ _ 0 
------1------Number of tie scores ______________ . ____________________ 3 2 
TotaL__________ ____ __ ____ ___________________ 10 10 
Mean difference in scores____________________________ .125 
.300-
SUMMARY 5 
Butter 
Fresb held 
butter at zsoF. 
Number of high scores wltb ripening for 1 hour ____ _ 7 9 
2 
9 
.222" 
Storage 
butter 
2 
6 
9 
-.056 
Storage 
butter 
5 
----·-----1-------1--------
Number of bigh scores with 8 percent culture 
added after cooling _______________________________ _ 0 
- --------1-------1 Number of tie 8eore8 __________________________________ _ 2 
TotaL ______________________________________ _ 10 10 9 
Mean dllferenee In 8core8 _____________________________ _ 
.225 .450*" .167 
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Acetylmethylcarbinol plus diacetyl determinations were made 
on the cream immediately after adding the butter culture, after 
ripening in the case of the ripened cream and again at the time 
of churning. During the ripening there was regularly an in-
crease in acetylmethylcarbinol plus diacetyl. In all cases except 
one, there was an increase in the carbinol plus diacetyl during 
the holding at a relatively low temperature over night, which 
confirms the results presented in table 1. 
Table 5 gives the results of 7 trials in which butter was made 
with the following procedures: Eight percent butter culture was 
added to cream after cooling and the cream held over night at 
28° to 36°F.; 8 percent culture was added to cream after cooling 
and the cream then held at 42° to 51 of.; 8 percent culture was 
added to cream at 70°F., the cream ripened 1 hour, and then. 
cooled and held at 28° to 36°F. The sweet cream was pas-
teurized in a large vat and cooled to 70°F. One 150-pound 
portion was removed to a 70-gallon vat and 8 percent culture 
added. After ripening for 1 hour at 70°F., the cream was 
cooled to 32°F. and held at 28° to 36°F. over night. The cream 
remaining in the large vat was cooled to 48°F., another 150-
pound portion was placed in steamed cans, and 8 percent of the 
same culture added. This cream was then held over night at 
42° to 51°F. The cream still in the large vat was cooled to 
32°F. and a third lot of 150 pounds removed. After adding 
8 percent of the same culture, this lot of cream was held over 
night at 28° to 36°F. The next morning all three lots of cream 
were churned. A period of 3 months was ,covered by the trials. 
The scores of the butter are compared in summaries 6,7 and 8. 
Holding cream containing 8 percent culture over night at 42° 
to 51°F. gave butter that was more often high in score than 
holding the cream at 28° to 36°F. when the butter was fresh, 
after holding at about 28°F., and after cold storage, ,but the 
differences were significant only with the fresh butter and that 
held at 28°F. Butter made from ripened cream held at 28° to 
36°F. and from cream held at 42° to 51°F. with culture added, 
gave an equal number of high scores when fresh, while after 
holding at about 28°F. 'and after cold storage the butter from 
the ripened cream was most often high in score. In neither 
case, however, was the difference significant. Butter made from 
ripened cream held at 28° to 36°F. was more often high in 
score than butter made from cream held at 28° to 36°F. with 
culture added when scored fresh, after holding at 28°F., and 
after cold storage. The differences were significant only with 
the fresh butter and the butter after cold storage. 
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SUMMARY 6 
Number of high scores when holding cream with 
Fresh 
butter 
culture at 42' to 51·F._____________________________ 5 
Number of high scores when holding cream with 
culture at 28' to 36'F._____________________________ 0 
Number of tie scores__________________________________ 2 
TotaL_____________________________________ 7 
Mean difference !n scores______________________________ .214* 
Summary 7 
Number of high scores when holding ripened cream 
Fresh 
butter 
at 28' to 36'F._____________________________________ 3 
Number of high scores when holding cream with 
culture at 42' to 51'F.____________________________ 3 
Number of tie scores __________________________________ _ 
To taL____ ____ __ __ __ __ __ __ __ __ __ __ __ ____ __ _ 7 
Mean difference In scores_____________________________ .036 
SUMMARY 8 
Number of high scores when holding ripened cream 
at 28' to 36'F. ____________________________________ _ 
Number of high scores when holding cream with 
Fresh 
butter 
4 
culture at 28' to 36'F._____________________________ 0 
Butter 
held Storage 
at 28'F. butter 
4 4 
0 1 
8 2 
7 7 
.214* .071 
Butter 
held Storage 
at 28'F. butter 
2 3 
1 0 
4 4 
7 7 
.000 .179 
Butter 
held Storage 
at 28'F. butter 
3 5 
0 0 
--------1·-------1--------
4 2 
7 7 
Number of tie scores __________ r _______________________ ,, ___ 3__ I _____ 1 ___ __ 
TotaL______ ______ _________________________ 7 
Mean difference In scores _____________________________ I--.-25-0-.-I.----1----
.214 .250' 
Acetylmethylcarbinol plus diacetyl determinations were made 
on the cream immediately after adding the butter culture, after 
ripening in case of the one portion in each trial and again 'at 
the time of churning. Immediately after adding the culture the 
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acetylmethylcarbinol plus diacetyl contents were very nearly the 
same with the portions in a trial. After holding, the unripened 
cream held at 42° to 51°F. was usually higher in acetylmethyl-
carbinol plus diacetyl than the unripened cream held at 28° to 
36°F. The unripened cream held at 42° to 51°F. and the 
ripened cream held at 28° to 36°F. were usually about the same 
in acetylmethylcarbinol plus diacetyl contents. In every case 
except one there was an increase in acetylmethylcarbinol plus 
diacetyl during holding, which confirms the results presented in 
tables 1 and 4. 
INFL UENCE OF THE TYPE OF BUTTER CULTURE 
Results on the influence of the type of butter culture on the 
flavor and keeping quality of butter are presented in tables 6 
to 10 inclusive. 
Table 6 gives data on 15 trials with sweet cream in which the 
use of regular butter culture, modified butter culture, and no 
culture was compared. The modified culture was made ·by heat-
ing whole milk to 180°F. for 1 hour in a culture vat, cooling 
to 70°F., and inoculating with a pure culture of Streptococcus 
paracitrovorus in sterile milk. After incubating the milk for 
24 hours at 70°F., 0.3 percent sulfuric acid and 0.15 percent 
citric acid were added, the milk incubated for another 24 hours 
at 70°F. and the culture then cooled to 40°F. This type of 
culture has been shown to contain relatively large amounts of 
acetylmethylcarbinol plus diacetyl2. 
The cream was pasteurized and cooled to 38 ° F. in a large 
vat. Three 150-pound portions were placed in steamed cans. 
Eight percent of regular culture was added to one portion, 8 
percent of modified culture to one and one was held without 
culture. All three portions were kept at 35° to 41°F. until the 
next morning and then churned. The trials involved a period 
of 3 months. 
The relationships of the scores ·of the butter are given in sum-
maries 9, 10 and 11. Modified culture gave butter significantly 
higher in score than regular culture when the butter was fresh 
and also after holding at 28 ° F. Regular culture gave butter 
significantly higher in score than no culture when the butter 
was fresh, while after holding at 28°F. the difference was not 
significant although more high scores were obtained with the 
culture. Modified culture gave butter significantly higher in 
score than no culture when the butter was fresh and also after 
holding at 28°F. 
2Michaelian, M. Bo, Farmer, Ro So, and Hammer, B. W. The relationship of 
acetylmethylcarbinol and diacetyl to butter cultures. Res. Bu!. 155. Iowa Agr. 
Exp. Sta. 1933. 
368 
The results of eight trials, in which the use of regular culture, 
modified culture and no culture was compared with sour cream 
are presented in table 7. The cream was neutralized and pas-
teurized in the same manner as that used to obtain the data given 
in table 3. After pasteurization in a large vat, three 150-pound 
portions were placed in steamed cans and 8 percent re.:,o-ular 
culture added to one, 8 percent modified culture to one, while 
the remaining one was held without culture. All three portions 
were then kept at 34 0 to 38°F. until the next morning and 
churned. The trials covered a period of 3 months. The butter 
was scored only when fresh. 
SUMMARY 9 
Fre8h Butter held 
butter at 28°F 
Number of high scores with modified culture ____________________ _ 10 11 
Number of high 8core8 wIth regular culture ______________________ _ 0 3 
1----1----Number of tie 8core8 ______________________________________________ _ 5 1 
To taL ________________________________________________________ _ 15 15 
Mean difference in 8cores __ J _______________________________________ _ 
.367** .300* 
SUMMARY 10 
Fresh Butter held 
butter at 2SoF 
Number of high scores with regular culture ______________________ _ 13 9 
--- -Number of high scores with no culture __________________________ _ 0 4 
Number of tIe scores _________________________________________ -__ -__ -_-_1 ----2 2 
TotaL ________________________________________________________ _ 15 15 
Mean difference in 8Cores ___________________________________________ _ 
.350** .117 
SUMMARY 11 
Fresh Butter held 
butter at 28°]<' 
Number of hIgh scores wIth modIfied cultlire ____________________ _ 14 13 
--- -Number of hIgh 8cores wIth no culture __________________________ _ 0 0 
---'1------1----Number of tie 8core8 ______________________________________________ _ 1 2 
TotaL ________________________________________________________ _ 15 15 
Mean di1ference In 8core8 ___________________________________________ _ 
.717** .417** 
369 
SUMMARY 12 
Fresh 
butter 
Number of high scores with modified culture_________________________________ 7 
Number of high scores with regular eulture ____________________________ ~----- 0 
Num ber of tie scores ___________________________________________________________ _ 
TotaL __ __ __ __ __ __ __ ____ __ __ __ __ __ __ _ _ __ __ __ __ __ __ __ __ __ __ ____ __ __ __ __ __ __ __ 8 
Meau difference in scores_______________________________________________________ .500* 
SUMMARY 13 
Fresh 
butter 
Number of high scores with regular culture_____________________ _______________ 6 
Number of high scores with no eulture________________________________________ 1 
Number of tie scoreA____________________________________________________________ 0 
TotaL____ __ _ _ __ _ _ __ _ _ __ __ _ _ _ _ __ __ __ __ __ __ __ __ __ _ _ __ __ __ __ __ __ __ __ __ __ __ ____ 7 
Mean difference in scores_______________________________________________________ .429 
SUMMARY 14 
Fresh 
butter 
Number of high scores with modified eulture__________________________________ 7 
Numbcr of high scores with no eulturc_________________________________________ 0 
Numbcr of tic scorcs _____________________ __________ ·_____________________________ 0 
'l'otaL __ __ __ __ _ _ __ __ __ _ _ _ _ _ _ __ _ _ __ __ _ _ __ __ __ _ _ __ __ __ __ __ __ _ _ __ __ __ __ __ __ __ __ 7 
MeBn di fference in scorcs________________________________________________________ .929** 
Comparisons of the s:;ores of the butter are shown in sum-
maries 12, 13 and 14. The modified butter culture gave butter 
significantly higher in score than the regular culture. Although 
the butter made using regular culture was commonly higher in 
score than the butter made without culture, the difference was 
not significant. With modified culture the butter was signifi-
cantly higher in score than with no culture. 
Table 8 presents the results obtained in 9 tri'als comparing 
the use of regular culture, regular culture neutralized and no 
culture. The neutralized culture was reduced to as near 0.3 
percent acidity as possible. The $Weet cream Was pasteurized 
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in a large vat, cooled to 70°F., ,and two 150-pound portions 
removed to 70-gallon vats. Eight percent of regular culture 
was added to one portion and 8 per,cent of neutralized culture 
to the other. Both portions were then immediately cooled to 
38 ° F. and placed in steamed cans. The remainder of the cream 
in the large vat was cooled to 38°F., and a third portion of 150 
pounds was placed in cans without adding culture. All three 
portions were held at 36° to 38°F. and churned "the next morn-
ing. A period of 6 months was covered by the trials. 
SUMMARY 15 
Butter 
Fresh 
butter 
held Storage 
at 28°F. butter 
Number of high scores with regular culture neutral-ized _______________________________ -___ -___________ _ 3 6 2 
----------------1-·-- --------
Number of high scores with regular culture__________ 2 
Number of tie scores _________________________________ _ 4 
To taL _____ -____________________________________ _ 9 
Mean difference in scores ______________________________ 1 .083 
SUMMARY 16 
Number of hill'h scores with regular culture ________ _ 
TotaL _____ -____________________________________ _ 
Mean difference In scores ____________________________ _ 
SUMMARY 17 
2 
.667* 
Butter 
9 
.444 
Storage 
butter 
.~61 
Fresh 
butter 
held Storage 
at 28°F. butter 
----1- --
Number of rugh scores with regular culture neu-tralized ____________________________________________ 7 7 3 
--·--1----
Number of high scores with no culture_______________ 0 0 4 
. Number of tie scores__________________________________ 2 2 
TotaL ____________________________________________ 1---g-- ---9-- ---9--
Mean difference in scores_____________________________ .833* .656* .083 
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Summaries 15, 16 and 17 show the relationships of the scores 
of the butter. Regular culture and regular culture neutralized 
gave butter that did not differ signifie'antly in score when fresh 
or after cold storage, while after holding at 28°F. the butter 
made with neutralized culture was significantly higher in score. 
The butter made with regular culture was significantly higher 
in score than the 'butter made without culture when fresh, while 
after holding at 28°F. or ,after cold storage the differences were 
not significant. The butter made with regular culture neutral-
ized was significantly higher in score than the butter made with 
no culture when fresh and after holding at 28°F., while after 
cold storage the difference in score was not significant. 
Data comparing the use of modified culture, modified culture 
neutralized and no culture in 9 trials are given in table 9. 
The acidity of the neutralized culture was reduced to as near 
0.3 percent as possible. The sweet cream was pasteurized and 
treated with culture in the manner described for the tr~als re-
ported in table 8 except that modified culture was used rather 
than regular culture. The trials involved a period of 6 months. 
Comparisons of the scores of the butter are given in summaries 
18, 19 and 20. Butter made with modified culture was more 
often high in score than that made with modified culture neutral-
SUMMARY 18 
Fresh 
butter 
Number 01 hlgh scores with modified culture________ 8 
Number 01 high scores with modified culture neu-tralized _____ __ ___ __ _ _ __ ________ __________ ____ ____ ___ 3 
Number 01 tic scores _________________________________ _ 
TotaL _ _ __ __ __ __ __ __ __ __ __ __ __ ____ ____ __ __ __ ____ __ _ 9 
Butter 
held Storage 
at 28°F. butter 
7 6 
2 
0 2 
9 9 
-------1--------1-------Mean difference In scores______________________________ .056 
.472 .361* 
SUMMARY 19 
Butter 
Fresh held Storage 
butter at 28°F. butter 
-----------------------------------1-------Number of high scores with modified culture _______ _ 7 8 7 
Number 01 high scores with no culture _____________ _ o 1 1 
Number of tie scores _________________________________ _ 2 o 
TotaL__ __ __ ____ __ __ __ __ __ __ __ __ __ __ __ ____ ____ ____ _ 9 9 9 
Mean difference In seores_____________________________ .417** 
_750** .389* 
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SUMMARY 20 
Number of high scores with modilled culture neu-
Fresh 
butter 
traUzed _ ________ __ __ __ _______ __ ____ ______ ______ _____ 8 
Butter 
held Storage 
at 28°F. butter 
6 4 
------·1------1------Number of high scores with no culture _____________ _ 2 3 
Number of tie scores_________________________________ 0 1 2 
TotaL____________________________________________ 9 9 9 
Mean difference in scores______________________________ .361* 
.278 .028 
ized after holding at 28°F. and after cold storage, while when 
scored fresh the numbers of high scores were equaL The differ-
ences in score were significant only with the cold storage butter. 
Modified culture gave butter significantly higher in score than 
no culture when scored fresh,after holding at 28°F., and after 
cold storage. Modified culture neutralized gave butter more 
often high in score than no culture when the butter was fresh, 
after holding at 28°F., and after cold storage. However, the 
differences were significant only in case of the fresh butter. 
Table 10 gives the results of 7 trials in which the use .of regular . 
culture and pasteurized culture was compared. The pasteurized 
culture was made by heating ripened culture to 145°F. for 30 
minutes and filtering off the curd. The serum was cooled to 
40 ° F. and used instead of normal culture. The sweet cream was 
pasteurized in 'a large vat and cooled to 70 ° F. Two portions 
of 150 pounds each were placed in 70-gallon vats. Eight per-
cent of regular culture was added to the one vat and 8 percent 
of the pasteurized culture to the other. Both portions were 
immediately cooled to 38°F., held at 36° to 38°F. over night 
and churned the next morning. In each comparison the regular 
and pasteurized culture were from the same original lot. The 
trials covered a period of 2 months. 
SUMMARY 21 
Butter 
Fresh held Storage 
butter at 28°F. butter 
Number of Illgh scores with regular culture _________ _ 6 6 
Number of high scores with pasteurized culture ___ _ o o 
Number of tie scores ________________________________ _ 1 1 
TotaL ____________________________________________ _ 7 7 
Mean difference in scores_____________________________ .393** 
.750** .236 
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Summary 21 shows the relationships of the scores. Butter 
made with regular culture was more often high in score than 
butter made with pasteurized culture when fresh, after holding 
at 28°F. and after cold storage. The differences were significant 
when the butter was fresh and after holding at 28°F. 
THE MANUFACTURE OF HIGH SCORING BUTTER 
In some instances it is desirable to make butter higher in score 
than any of the established commercial grades. 'rreatments used 
in the manufacture of 45 churnings of butter entered in state 
and national butter contests during the years 1932 to 1935, in-
clusive, are presented in table 11. 
From the standpoint of the method of using culture, the type 
of culture, and the neutralization of the cream ·before adding 
culture, various procedures were employed. These are sum-
marized as follows: 
1. Twelvechurnings were made by adding 7 to 9 percent of 
regular culture to the cream after cooling. 
2. One churning was made by adding 7 percent regular cul-
ture to the cream at 70°F., ripening for 1 hour, and cooling. 
3. In six churnings 7 to 8 percent of modified culture was 
added to the cream after cooling. 
4. Sixteen churnings were made, using 7 to 14 percent culture 
which was prepared by adding 0.15 percent citric acid to the 
milk. The culture was added to the cooled cream. 
5. Ten churnings were made with 7 to 10 percent culture 
which was prepared by adding 0.15 percent citric acid to the 
milk. The culture was added to the cream at 70°F., the. cream 
ripened 1 hour and then cooled. 
6. In 12 churnings the acidity of the cream was neutralized 
to 0.08 to 0.10 percent after pasteurization. The cream was 
then treated with culture and cooled. It was usually held from 
6 to 12 hours at a low temperature before churning. 
Since various treatments were used and only one churning 
was made from each lot of cream, sharp distinctions are im-
possible. The results indicate that high scoring butter can be 
made with any of the treatments suggested. Butter made with 
modified culture was scored 94 and 94.25 in two national con-
tests. In a general way the addition of 0.15 percent citric acid 
to the milk intended for culture resulted in higher scoring butter 
than when no citric acid was used. The butter appeared to have 
a fuller flavor, as would be expected because of the importance 
of citric acid as a source of butter flavor and aroma materials. 
Still further improvement in the scores of the butter was noted 
as a result of neutralizing the acidity of sweet cream after pas-
teurization to 0.08 to 0.10 percent. This practice made it pos-
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sible to develop a higher flavor in the butter, either by the addi-
tion of culture or by ripening the cream, without the danger of 
developing a sour or coarse flavor. 
In some cases excellent scores were obtained on butter when 
the acidity of the cream was comparatively high f<>r sweet cream. 
The cream was used only because there was but little oppor-
tunity for selection. This emphasizes the importance of the 
treatment of the cream in the manufacture of fine butter and 
indicates that with sweet cream, as with sour cream, the manu-
facturing procedure must be carefully controlled if the butter 
is to be of the best quality. 
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ADDITIONAL CONSIDERA'l'ION 
The data presented in the various tables suggest a number of 
points concerning the general problem of flavor development in 
butter. The holding of cream with added culture for some hours 
at relatively low temperatures commonly resulted in an increase 
in the content of acetylmethylcarbinol plus diacetyl and also in 
the flavor of the butter which substantiates the other evidence 
indicating a rather close relationship between these chemical 
compounds and a desirable flavor in butter. The same thing is 
suggested by the fact that in individual comparisons the cream 
with the higher acetylmethylcarbinol plus diacetyl content at 
churning often gave butter with the higher score. On the other 
hand, cream with considerable carbinol plus diacetyl at churn-
ing frequently did not give butter with a relatively high score, 
due presumably to off flavors in the cream significantly influenc-
ing the final quality of the butter. 
The definite increases in a,cetylmethylcarbinol plus diacetyl 
that often occurred at relatively low acidities in cream held cold, 
or in cream ripened under such conditions that there was little 
increase in acidity, is somewhat at variance with the general 
situation in butter culture. It has been substantiated in addi-
tional studies at the Iowa Agricultural Experiment Station and 
is suggestive from the standpoint of the development of a high 
flavor in 'butter without obtaining a serum acidity that greatly 
favors deterioration in the product. 
The variations in the trials constituting a series were due, in 
part, to variations in the cultures used. One of the advantagcs 
in the use of modified culture appeared to be in the uniformity 
of the different lots. With the ample supply of the citric acid 
fermenting organisms obtained in the modified cultures, the actiye 
production of acetylmethylcarbinol plus diacetyl is more certain 
than in cultures of the usual type. 
The data definitely show that the effect of a particular pro-
cedure in butter manufacture varies with the time and tem-
perature of holding the butter. A procedure which is advan-
tageous with fresh butter may be of no value with storage butter, 
presuma.bly because of the tendency for the off flavors tha.t 
appear to overbalance a desirable effect. There is also the pos-
sibility of the culture organisms destroying some of the desirable 
flavor constituents in butter, just as they do in butter culture, 
and of certain of these constituents reacting with the butter 
itself. In this connection the influence of the pasteurization of 
the culture is Qf interest since the killing of the butter culture 
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organisms should prevent their action in the butter. 'rhe heat 
treatment, however, so influenced the culture that the effect on 
the flavor of the butter was much less than with a normal cul-
ture. With some butter held under certain conditions, flavor 
development apparently occurs and thus tends to vary the effect 
of a procedure used in butter manufactnre with different hold-
ing temperatures. 
TABLE 1. INFLUENCE 
Comparison of 
Gm.NI. Score of butter 
salt equiv 
Churning alent to Fresh butter Storage butter 
Orig. Holding acidity amc + acd held at 28'F. held atO'F. 
Trial acidity Time of temp. per 200 gm. 
no. of 
cream 
adding butter culture of Oream cream at Age in 
I 
Age In 
I cream Cream serum churning days Score days Score 
1 0.22% 
16 hrs. before churning 0.28'10 0.38'0/0 
I 
93 91% 
38' 45 210 
At churning .28 .38 92 9O'h 
2 .18 
16 hrs. before churning .26 .36 
I 
92 91 
39 I 42 207 At churning .26 .36 91 91 
16 hrs. before churning .28 .38 92 90% 
3 .18 39 39 204 -----
At churning .28 .38 92 91 
16 hrs. before churning .26 .36 92% 90% 
4 .18 38 36 201 -----
At churning .25 .35 92 91 
-----
5 .16 
16 hrs. before churning .22 . 30 
I 
91¥,! 90 
37 33 198 
At churning .21 .29 91 89¥., 
6 .18 
16 hrs. belore churnin~ .22 .30 I 91% 90 38 30 195 
At churning .22 . 30 91 89 
7 .18 
16 hrs. before churninJ! .26 .36 91 
I 
90 
38 21 I 192 At churninJ! .24 .34 91 I 89 
Trial 
no. 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Orig. 
acidity 
of 
cream 
.18% 
.16 
.17 
.16 
.14 
.16 
.16 
.14 
.16 
TABLE l.-(CONTINUED). 
Gm.NI. Score of butter 
saIt equiv- -------------------
Churning alent to Fresh butter 
acidity amc + ac.t held at 28·F. 
Storage butter 
held at O'F. 
Time of 
adding butter culture 
Holding 
temp. 
of 
cream 
--------lper200 gm. -----------------
Cream cream at Age in Age in 
serum churning days Score days I Score 
-- 1--91-
Cream 
16 hrs. before churning 1 .24 I .32 I I I 91 
At churning as· I .23 I .32 I I I 91 
16 hrs. before churning .2l.29 90 
24 
21 
189 
186 
1---
91 
89 
89 At churning 37 I .2l I .29 I I I 91 
16 hrs. before churning .24 .34 91'h) ,-----9O¥., 
At churning 39 I .22 I .30 I I I 91 
16 hra. before churning .21 .29 92 
18 183 
89 
89 
as 
At churning I .21 I .29 I I I 91'h) 
16 hrs. before churning .21 .29 92 
15 130 
88 
91 
as 
At churning I .21 I .29 I I I 91th 
16 hrs. before churning .22 .30 92 
12 177 
92 
91 
40 
At churning I .22 I .30 I I I 91'h 
16 hrs. before churning .22 .30 92 
12 17'7 
90 
91 
39 9 174 
At churning I .22 I .30 I I I 91% 
16 hrs. before churning .2l .30 92 
39 9 
90 
9O¥., 
174 
At churning .2l .30 91 90 
16 hrs . before churning .24 .32 91th 
as 6 
90 
168 
At churning .24 .32 91¥., 89¥., 
CI.' 
-:J 
00 
16 hrs. before churning .22 
17 .18 37 
At churning .22 
16 hIlS . before churning .25 
18 .17 38 
At churning .25 
16 hIlS. before churning .25 
19 .16 37 
At churning .24 
16 hrs. before churning .26 
20 .16 38 
At churning .26 
16 hrs. before churning .24 
21 .15 39 
At churning .23 
16 hIlS. before churning .36 
22 .17 40 
At churning .26 
16 hI'S. before churning .34 
23 .27 41 
At churning .34 
16 hI'S. before churning .24 
24 .16 39 
At churning .23 
16 hI'S. before churning .24 
25 .16 39 
At churning .24 
16 hr:s. before churning .26 
26 .22 40 
At churning .26 
16 hI'S. before churning .25 
27 .16 41 
At churning .25 
16 hr:s. before churning .24 
28 .16 40 
At churning .24 
*Three of the lots of cream were slightly above 0.2 percent acid. 
tAmc + ac. = acetylmethylcarbinol plus diacetvl. 
.30 
.30 
.35 
.35 
.35 
.33 
.35 
.35 
.35 
.34 
.36 
.36 
.56 
.56 
.31 
.30 
.35 
.35 
.35 
.35 
.34 
.34 
.33 
.33 
6 
trace 
3 
none 
.0054 
6 
.0037 
.0031 
3 
.0033 
.0101 
9 
.0017 
.0020 
6 
.0009 
I .0221 3 
.0215 
trace 
12 
nOne 
.0016 
9 
.0016 
.0045 
6 
.0026 
.0036 
3 
.0008 
.0014 
9 
.0006 
91% 
168 
91 
93 
210 
92% 
92 
207 
91% 
91% 
204 
92 
92 
201 
91% 
92 
198 
91% 
91% 
----- 195 
91 
92% 
192 
92 
91 
189 
92% 
92% 
186 
92 
92 
183 
91% 
92'h 
130 
92 
I 
I 
I 
I 
90 
89 
92 
91% 
92 
91 
91 
91 
91 
90% 
92% 
92 
92 
92 
89% 
89 
90 
91 
91 
90% 
91 
92'h 
91 
90% 
~ 
-:) 
co 
TABLE 2. INFLUENCE OF THE METHOD Oll' USING BUTTER CULTURE ON THE FLAVOR AND KE,EPING QUALITY OF SWEET 
CREAM BUTTER 
Comparison of the addition of 8 percent butter culture at va.rious lengths of time before churning 
Gm.N1. Score of butter 
salt equlv 
Churning alent to Fresh butter Storage butter 
Orlg. Holding acidity amc + ac. held at 2soF. held at O"F. 
Trial acidity Time of temp. per 200 gm. 
no. ot adding butter culture of Cream cream at Age in Age In 
cream cream Cream serum churning days Score days Score 
112 hrs. before churning 0.27% 0.38'% O.OOOS 93% 91~ 
88 hrs. before churning .26 .36 .0035 93 92 
1 0.16% SS" 6 ----- 177 
40 hrs. before churning .24 .34 .0053 9314 911,4 
16 hrs. before churning .24 .34 .0038 93 92 
112 hrs. before churning .26 .37 .0019 93 91¥., 
SS hrs. before churning .26 .37 .0031 9314 91¥., 
2 .16 39 3 174 
40 hrs. before churning .25 .36 .0014 93 92 
16 hrs. before churning .25 .36 .0033 9314 OO¥., 
SS hrs. before churning .24 .34 .0021 93 93 
64 hrs. before churning .24 .34 .0020 93 93 
3 .IS 37 9 171 
40 hrs. before churning .23 .33 .001S 93 93 
-----
At churning . 23 .33 .0013 93 93 
6 hrs. before churning .25 .M .0029 93¥., 
~-
3 hrs. before churning .25 .34 .0056 93% 
4 .17 36 6 
At churning .24 .33 .0021 93 
No starter I .IS .25 .0000 92~ I 
~ 
00 
o 
16 hrs. before churning .25 I 
6 hrs. before churning .25 I 
5 .17 3 hrs. before churning 36 . 25 
I At churning . 24 
No starter .17 I 
---
. . _---
16 hrs. before churning .25 
6 hrs. before churning .25 
6 .16 3 hrs. before churning ~7 .25 
At churning .23 
No starter .17 
---
16 hrs. before churning .27 
6 hrs. before churning .27 
7 .17 3 hrs. before churning 37 .27 
At churning .26 
No starter .17 
16 hrs. before churning .26 
8 .16 At churning 
I 
38 .25 
No starter .17 
.34 .0036 
.34 .0026 
.34 .0019 3 
.33 .0026 
.24 .0000 
.84 .0064 
.34 .0021 
.34 .0019 9 
.32 .0031 
.23 .0000 
.36 .0028 
.36 .0024 
I .36 .0019 6 
.35 .0006 
.25 .0000 
.35 .0031 
.34 .0013 3 
.24 .0000 
93% 
93 
93'4. 
93 
93 
93~ 
93% 
93% 
93'4. 
93 
93'4. 
93'4. 
93'4. 
-----
93 
92~ 
93'4. 
93 
92~ 
92~ 
93 
93 
93 
93 
93 
159 93 
92%. 
CJj 
00 
...... 
TABLE 3. INFLUENCE OF 'l'HE METHOD OF USING BUTTER CULTURE ON THE FLAVOR AND KEEPING QUALITY OF SOUR 
CREAM BUTTER 
Comparison of the addition of 8 percent butter culture (a) 16 hours before churning and (b) at :he time of churning 
- ---- --
Score of butter 
Orlg. Churning Fresh butter Storage butter 
Trial acidity Tima of Holding acidity held at 28'F. held atO'F. 
no. of adding butter culture temp. 
cream of Cream Age in Age In 
cream Cream serum days Score days Score 
16 hrs. before churning 0.2'1'0/0 0.38% 92'h 91 
1 0.550/0 38' 6 210 
At churning .'1:[ .38 92 90% 
16 hrs. before churning .32 .43 91 91 
2 :60 38 8 208 
At churning .32 .44 92 9O'h 
16 hrs. before churning .'1:[ .37 91 91 
3 .60 39 6 205 
At churning .28 .39 90 90% 
16 hrs. before churning .20 .29 9Oy.. 90% 
4 .62 40 6 201 
At churning .18 .26 89% 89'h 
16 hrs. before churning .26 .36 91Y.. 90 
5 .65 39 8 196 
At churning .25 .36 91 89 
16 hrs. before churning .21 .29 89'h 88 
6 .65 39 10 195 
At churning .21 . 29 89 89 
16 hrs. before churning .21 .29 91 90% 
7 .58 40 6 192 
At churning .21 .29 90% 89% 
~ 
00 
I'-:l 
16 hrs. before churning .21 
8 .53 39 
At churning .21 
16 hrs. before churning .25 
9 .47 37 
At churning .25 
16 hrs. before churning .26 
10 .43 37 
At churning- .26 
16 hrs. before churning .25 
11 .46 36 
At churning .25 
16 hrs. before churning .21 
12 .57 36 
At churning .21 
16 hrs. before churning .21 
13 .65 37 
At churning .21 
.29 89¥., 
6 
.29 88'h 
.34 91 
8 
.34 00 
----
.36 91 
, 10 
.36 91 
.32 00 
8 
.32 89 
.29 00 
8 
.29 90 
.29 89'h 
8 
.29 89 
184 I 
181 
177 
174 
171 
168 
I 
89'h 
88'h 
00 
89 
00 
91 
89 
-----
88 
00'h 
00 
88 
89 
00 
00 
00 
TABLE 4. INFLUENOE OF THE METHOD OF USING BUTTER OULTURE ON THE FLAVOR AND KEEPING QUALITY OF SWEET 
OREAM BUTTER 
Comparison of (a) adding 8 percent butter culture without ripening, (b) adding 10 percent butter oulture without ripening, and (c) adding 
8 percent butter culture at 70°F. and ripening 1 hour 
Orlg. 
Trial I acidity Method of using 
no. of the butter culture 
cream 
- I S% b.c. not ripened 
10.16% 10% b.c. not ripened 
8% b.c. ripened 1 hr. 
-21-=-1 
8% b.c, not ripened 
10% b.c. not ripened 
8% b.c . ripened 1 hr. 
I 
S% b.c. not ripened 
3 I ,]4 100/0 b.c. not ripened 
8% b.c. ripened 1 hr. 
--- ___ 1 
8% b. c. not ripened 
4 .13 1 100/0 b.c. not ripened 
S% b_c. ripened 1 hr. 
---1 ___ ' 
-
Acid-
Ity Hold-
after ing 
adding temp. 
butter 01 
culture cream 
---,---
0.21% 
.22 43' 
.22 
---1----
.18 
.20 38 
.19 
--1---
.19 
.20 35 
.J!) 
---1---
.19 
.20 ~7 
.18 
---.----
Churning 
acidity 
Gm. NI. salt I Score of butter 
equivalent to amc+ac. -------------------
per 200 gill . cream Fresh butter IButter held few l Storage butter 
held at 2S'F. weeks at 28'F. held at O' F. 
After After At 
Cream adding ripen- churn- Age in I Age in I I Age in I 
Oream serum b.c. Ing ing days Score days Score days Score 
0.220/0 0.300/00:0001--0.0068 --I~--I--whI--I-93-
.26 .36 .0050 .0094 9 93% 21 92~ ]74 92~ 
_ , ____ 1 92% 
.22 .30 .0072 .0111 I 92 92 92~ 
.23 .31 .0085 .0133 6 92 - 24 92% \ 171 93'4 
.24 .33 .0066 .0085 .0209 92'4 92~ 93'4 
.33 .0045 .0061 .0146 93* .24 93% 
--:19 -:21 .0039 --- .0061 --- --9-3 - 1--- --93--1--- --93--
--------- --- --- --- -
.21 .29 .0042 .005~ 3 93 16 93 163 93% 
---- - - I - -
_20 .27 .0010 .0072 .0075 92% 93'4 93% 
~-:21 .0044 -- .0076 --1-93-1--I-gg---gz-
--:22 ----:31 .0065 1 .0093 9 -93-- 24 1-00-- 163 , 92'4 
--------- --- --- --- ---~~ .0052 .0076 .0162 ____ ~ ___ 93%, ___ I 92% 
0:> 
00 
II>-
---,-~ 
- ,-----
------8% b.c. nOt ripened .. " .22 .30 
------
f> .13 lll% b.c . not rIpened .2. .38 .22 .31 
------8% b.c. ripened 1 hI. .17 
.21 .29 
- -----
------S% b.c. not ripened .24 
.23 .32 
------
(; 
.17 100/0 b.c. not ripened .24 36 .20 .34 
------8'70 b.c. ripened 1 hr. .24 
.23 .32 
------8'70 b.c . not ripened .17 
.20 .27 
7 .11 10% h .c. not ripened .19 39 .20 .23 
8'70 h.c. ripened 1 hr. .17 .21 .29 
8'70 b.c. not ripened .19 .23 .31 
8 .13 1<1% h.c. not ripened .20 43 .23 .3i 
------
8'70 h. c. ripened 1 hr. .19 .24 .33 
8% h.c. not ripened .21 .21 .29 
------
9 .16 100/0 h.c. not ripened 1 .22 42 .22 .31 
80/0 h.c. ripened 1 hr. .22 .22 .31 
------ - ----- ---- ---- - - ----
8'70 h.c. not ripened .19 .19 .26 
------
10 .15 10% h.c. not ripened .20 39 .20 .'2:1 
------
8'70 h.c. ripened 1 hr. .19 .19 .26 
---------
.0058 .0103 
--- ---
.0085 .0124 
---
.0046 .0065 .0120 
---------
.0058 .0058 
---
.0070 .0078 
---
.0060 .0084 .0102 
---------
trace .0035 
trace .0031 
trace .0032 .0074 
.0049 .0097 
.0058 .0129 
---
.0049 .0076 .0168 
------
.0047 .0066 
---
.0065 .0067 
.0058 .0071 .0087 
.0046 .0077 
---
.0063 
--- 1.0120 .0045 .0062 
---1-93----- 92%, ---93 
--_. --- ---
6 00% 21 92%, 160 93% 
9iPh 92%, 93"'-
------------------
92 92%, I 93 
3 92% 18 92%, 157 93 
921h 93 93 
--- 92%, --- 92'k 1--- 1- 00% 
--- --- --
9 93 
'2:1 00 1 154 93%, 
- 1-93 93 93% 
- I 94 ------------93¥., 93 
--- ---
6 94% 24 93'h 151 
1 
93 
--
94¥., 93%, I 93 
- -- --- ------
93 921h 92%, 
93 '2:1 92%, 148 93 
93¥., 93% 93 
---------
92 92%, 
3 92 24 92%, 
92 93% 
00 
00 
<:ll 
TABLE 5. INFLUENOE OF THE METHOD OF USING BUTTER OULTURE ON THE FLAVOR AND KEEPING QUALITY OF SWEET 
CREAM BUTTER 
Comparison of (a) adding 8 percent butter culture at 70°F. with cooling at once. and 
(u) adding 8 percent butter culture at 70°F. with ripening 1 hour 
a_.-. ... _~L ..... 
Score of butter 
AcId- I Gm. NI. salt Churning equivalent to amc+ac. 1-------------------
acidity per 200 gm. cream Fresh butter IButter held few l Storage butter 
held at 28'F. weeks at 28'F. held at O'F. 
ity 
after 
adding 
butter 
culture 
Hold-
Ing 
temp. 
of 
cream 
Cream adding ripen- churn- Age in Age in Age in After After I At 
Creaml serum I~ ~ ~I days I Score I days I Score I days 1 Score ,---, ,---,---
0.19% 1 28' 0.200/0 0.27% 0.0020 0.0035 93'4 93 !l2% 
---------,---,--- '---'---'---
-------,---,--- ,---,---,---
.19 42 .19 .27 .0044 .0060 3 92'4 38 92% 176 91 
--------1---'--- ,---,---,---
~1_3_1_1~I~j~1 .0056 1 .00671--1 92* I _ _ I~I--'~ 
.18 1 31 .19 .26 I .0007 .0019 93 I 92% I 92 
-I .18 43", .20 ', .27 i .0006 '[ '[ .0033 '[ 9 '[' 93'4 '[ 35 '[ 92* '[ 173 'I 92'4 
_ ___________ 1~1-3-1- ~~I .OOO6 .0017 .0021 ___ 93 ___ _ ~ _ _ 92% 
.19 32 .20 .27 .0014 .0034 93'4 93 931,4 
-------.---,--- ,---,------
.18 42 .20 .28 .0011 .0032 2 93% 28 93 166 93% 
------,----,--,----
, __________ ~ 1~1-3-2- ~~ .0009 1 .0022 .0051 1 __ 1 93'4 I __ I-~I __ ~~ 
.20 I 36 .21 .29 .0005 1 .00091 1 93 1 1 92% I 93 
----:-;-1-48- ~---:31 .0004 .0035 9 -9-3- 25 ~ 163 -os-
____ _=__=__=_~ _ _=__=__=__=__=__=~ .20 _ 36 I .21 I .29 I .0004 1 .0013 [ .00261 __ 1 93 1--1-92% 1---1 ~:l 
C..:> 
00 
Cf) 
II 
--, ot ripened ,.21 -28-1-'22-1-'-30- 1-'00-4-3 1---'00-58-1--1-9-3~1--1-93---
ot rlDened .21 51 .29 1 .40 1 .0036 1 I .0126' 6 ' 93~ , 23 ' 93'h I 160 
______ ,__=_==_~ I~~ .0044 ~ .0153 __ ~ __ ~, __ 
8% b.c. Il 
8% b.c. Il 
9'& 
7 I .14 
8% b.c. ripened 1 hr. 
8% b.c. not ripened 
80/0 b.c. not ripened 
.18 1 34 1 .18 1 .25 1 .0033 1 I .00il7 93 92 
.18 50 .21 .28 .0025 .0087 3 93~ 19 92~ I 151 
9~ 
~ 
93 
~ 
931,1, 8% b.c. ripened 1 hr. .19 ~4 .22 .30 .0028 J .0067 .0108 93'h 92'h 
TABLE 6. INFLUENCE OF THE TYPE OF BUTTER CUL'L'URE ON THE FLAVOR AND KEEPING QUALITY OF SWEET 
CREAM BU'l'TER 
Comparison of (a) adding 8 percent regular butter culture at 70°F. with cooling at once, (b) adding 8 percent modified butter culture 
at 70°F. with cooling at once, and (c) no butter culture 
-----
Score of butter 
Acidity Churning Fresh butter Butter held few 
Original after Holding acidity held at 28"F. weeks at O"F. 
Trial acidity Kind of butter adding temp. 
no. of culture added butter of Cream Age In 
I 
Age In 
cream culture cream Cream serum days Score days Score 
80/0 regular b. c. 0.22% 0.280/0 0.31% 93~ 92 
1 0.17% 80/0 modified b.c. .22 38" .22 .31 3 93'h 27 91'h 
No. b.c. .17 .18 .25 93 91* 
8% regular b.c. .21 .22 .30 93 91'h 
2 • 16 8% modified b.c • I .20 38 .22 .30 3 93 27 92 
No. b.c. I .16 .17 .23 93 I 92 
-
c.:> 
00 
-.;J 
TABLE 6.-(CONTINUED) 
Acidity Churning 
Original after Holding acidity 
Trial acidity Kind of butter adding temp. 
no. of culture added butter of Cream 
cream culture cream Cream serum 
80/0 regular b .c. .21% .22 .30 
3 .160/0 S% modified b.c. .21 37· .22 .30 
No. b.c. .16 .16 I .22 
S% regular b .c. .20 .21 I I .30 
4 .14 8% modified b.c. .20 37 .20 I· .27 No. b .c. .14 
I 
.15 .20 
8% regular b. c. .21 -~I .30 
5 .15 8% modified b.c. .22 3'7 .23 .31 
No. b.c. .15 I .16 .22 
8% regular b.c. .21 
I 
.22 I .30 
6 .14 S% modified b.c. .20 41 .21 .29 
No. b.c. .14 
I 
.15 .20 
8% regular b.c. .23 .23 .31 
7 .17 80/0 modified b. c. .22 36 .22 .30 
No. b.c. .17 .17 .23 
8% regular b.c. .24 .25 : .35 
8 .18 8% modified b.c. .25 37 .26 .36 
No. b.c. .18 .19 .26 
----
Score of butter 
Fresh butter Butter held few 
held at 28°F. weeks at 28°F. 
Age In Age in 
days Score days Score 
93 91'h 
9 93 36 92'h 
92* 9214 
93 91'h 
6 93 33 92'h 
92* 921,4 
93 92'h 
3 93'h 30 92'h 
92 92 
93 I 93 
----
9 93 36 92* 
92'h 92'h 
93 93 
----
6 93 33 92* 
92'h 92'h 
93 I 92'h 
3 931,4 30 93 
93 I 92* 
----
c.:> 
00 
00 
I 
8% regular b.c. .22 
9 . 16 80/0 modifted b.c • .21 36 
No. b.c. .16 
8% regular b.e. .23 
10 .16 80/0 modifted b.c. .23 35 
No. b.c. .16 
----
80/0 regular b.c. .24 
11 .17 80/0 modifted b.c. .23 35 
No. b.c. .17 
----
8% regular b.c. .25 
12 .18 8% modified b.c. .25 36 
No. b.c. .18 
8% regular b.c. .20 
13 .14 8% modifted b.c. .21 36 
No. b.c. .15 
80/0 regular b.c. .21 
14 . 14 80/0 modifted b.c. .21 36 
No. b.c. - .14 
------- 8% regular b.c. .22 
15 .14 8% modffted b.c. .21 36 
No. b.c. .14 
-~ 
.22 .30 
.21 .29 9 
.16 .22 
.23 .31 
.22 .30 6 
.16 .22 
.24 .34 
.23 .31 3 
.17 .23 
.25 .35 
.25 .35 9 
.18 .25 
.20 .27 
.21 .29 6 
.15 .20 
.21 .29 
.21 .29 3 
.14 .19 
.22 .30 
.21 .30 6 
.14 .19 
92¥.. 
93 27 
92 
92 
93 24-
91'h 
92'h 
93'h 21 
92 
92'h 
93'h 24 
92'4 
92%. 
93 21 
92% 
92%. 
93 24 
92'h 
93 
93% 21 
92%. 
91¥.. 
92 
91'h 
~ 
93 
----
92'h 
92%. 
----
93 
----
92'h 
92%. 
----
93 
----
92'4 
93 
----
93% 
----
93 
93'h 
----
93%. 
---
9S 
93 
---
93% 
----
92% 
C>:) 
00 
<:0 
390 
'l'ABLE 7. INFLUENCE OF THE TYPE OF BU'l~fER CUVfURE ON 'l'HE 
FLAVOR AND KEEPING QUALITY OF SOUR CREAM BUTTER 
Comparison of (a) adding 8 percent regular butter culture at 70 0 F . with cooling at 
once, (b) adding 8 percent modified butter culture at 70 0 F. with 
cooling at once, and (c) no butter culture 
Score of bu tter 
Acidity Hold- Ohurnin~ 
Orig. after ing a~ldlty Fre8h bu tter 
Trial acidity Kind of butter adding temp. 
no. of culture added butter of Cream Age in 
cream culture cream Cream serum days Score 
---
------------------
8% regular b.e. 0.25% 0.25% 0.35% 91'h 
1 0.49% --- 34" ------ 7 ---
80/0 modified b.c. .24 .24 .36 92 
--- ------------------
8% regular b.e. .27 .27 .37 9O'h 
--- ------ ---
2 . 52 8% modified b.c . .24 35 .25 .35 7 91 
--- ------
---
No b.c. .20 .20 .27 90 
--- -----------------
80/0 regular b.c. .25 .25 .35 00 
--- ------- ---
3 .54 8% modified b.e. .23 36 .24 .36 4 91'h 
--- ------ ---" 
No b.c. .20 .20 .27 91 
--- ----- ------------------
80/0 regular b.c. .22 .23 .31 89* 
--- ------ ---
4 .47 80/0 modified b.c. .22 37 .23 .31 4 00 
--- ------ ---
No b.c. .19 . 20 .27 89'h 
---
------------------
80/0 regular b.c. .25 .25 .35 91'h 
--- ---
--- ---
5 .46 8% modified b.c. .25 37 .25 .35 4 9Z 
--- ------ ---
No b:c. .20 .20 .27 91 
---' ------------------
8% regular b.c. .23 .23 .31 90 
--- ------ ---
6 .53 8% modified b.c. .23 38 .23 .31 7 90 
---- ------ ---
No b.c. .21 .21 .29 88 
--- ------------------
8% regular b.c. .24 .24 .36 88',4 
._--
------ ---
7 .52 80/0 modified b.c. .23 38 .23 .31 7 88'h 
--- ------ ---
No b.c. .20 .20 .27 88 
------ ------------------
8% regular b .c. .25 .25 .35 90 
--_. 
--- ---
--_. 
8 .53 8% modified b.c. .26 37 .25 .35 4 9O'h 
--- ------ ---
No b.c. .20 .20 .27 89'h 
TABLE 8. INFLUENOE OF THE TYPE OF BUT'rER OULTURE ON THE FLAVOR AND KEEPING QUALITY OF SWEET 
OREAM BUTTER 
Oomparison of (a) adding 8 percent regular butter culture at 70°F. with cooling at once, (b) adding 8 percent neutralized regular butter 
cLlture at 70°F. with cooling at once, and (c) DO butter culture 
Trial 
no. 
1 
2 
3 
4 
Orlg. 
acidity 
of 
cream 
0.15% 
.17 
.16 
. 15 
5 .15 
----,----, 
Kind 0 f bu tter 
culture added 
8% regular b.c. 
8% neut. regular b.c. 
No. b.c. 
80/0 regular b.c. 
80/0 neut. regular b.c. 
No. b.c. 
80/0 regular b. c. 
80/0 neut. regular b.c. 
No. b.c. 
8% regular b.c. 
80/0 neut. regular b.c . 
No. b.c. 
80/0 regular b.c. 
8% neut. regular b.c. 
No. b .c. 
Acidity 
after 
adding 
butter 
culture 
0.20% 
.20 
Score of butter 
Churning 
Holding I acidity Fresh butter Butter held few Storage butter 
temp. held at 28"F. weeks at 28"F. held at O"F. 
of I Cream 
cream Cream serum Age In I Age In I Age In 
days Score days Score days Score 
0.21% 0.29% re 91'h 92 
38" .20 .28 6 93 40 92'h 180 92 
, -, -, --, --, .. . -
_.15 l~ ___ I _ .20 .15 93 91'h 91 
.2'Z .23 .32 93>,4 92 91%, 
.19 38 .17 I .23 3 93>,4 31 92%, 171 91 
.17 .17 .23 re 92'h 91%, 
.22 .22 .31 re 93 93'h 
.17 37 .18 .25 2 93 27 92%, 166 93 
.16 .16 .22 92%, 92>,4 93>,4 
.21 .20 .28 93>,4 9O'h 91'h 
.16 36 .15 .21 2 93 60 92'h 163 93 
.15 .15 .20 93 91'h 93 
--.-21----1--.-21---.-28----I~ --- --9-2---- 92% 
--.-18- 36 .1--.-18--~ 10 ~- 56 --92-- 159 ~ 
-~ --.-15---.-21- I~ --9-2- --n 
----------------------------
00 
'" f-o\o 
TABLE 8.-(CONTINUED). 
Acidity Churning 
Orig. after Holding acidity 
Trial acidity Kind of butter adding temp. 
no. of culture added butter of Cream 
cream culture cream Cream serum 
---- ----------------
80/0 regular b.c. 
---- --------
6 . 16% 8% neut. regular b.c • 38' 
---- --------
No. b .c. 
---- ----------------
80/0 regular b.c. 
---- --------
7 .16 8% neut. regular b.c. 38 
---- --------
No. h.c. 
---- --------------
80/0 regular h.c . 
---- -------
8 .15 80/0 neut. regular h. c. 38 
---- ---- ----
No. h.c. 
---- -----------
----
80/0 regular h.c. 
9 .15 80/0 neut. regular b.c. 38 
---- --------
No. h.c. 
Fresh butter 
held at 28'F. 
Age in 
days Score 
--------
93 
----
7 93¥.. 
----
93';4, 
--------
93 
----
4 93¥.. 
----
92% 
--------
93¥., 
----
6 93% 
----
I 92% 
--------
I 93¥., 
3 93';4, 
----
93 
Score of butter 
Butter held few Storage butter 
weeks at 28'F. held at O'F. 
Age in Age in 
days Score days Score 
----------------
92 93 
---- ----
53 92 156 92¥.. 
---- ----
92 92% 
----------------
92 92% 
---- ----
50 92¥., 153 92% 
---- ----
91 92% 
----------------
921h 88 
---- ----
46 93¥., 145 92¥., 
---- ---
93 91¥., 
-1----'--! 92% 92% 
93'4 92¥., 
---- ---
! 93 93 
00 
co 
~ 
TABLE 9. INFLUENCE OF THE TYPE Ol!' BUITER CULTURE ON THE FLAVOR AND KEEPING QUALITY OF SWEET 
CREAM BUITER 
I 
()omparison of (a) adding 8 percent modified butter culture at 70o~'. with cooling at once, (b) adding 8 percent neutralized modified butter 
culture at 70°F. with cooling at once, and (c) no butter culture 
-~ ----
1 I I Score of butter Acidity Churning 
Orlg. after Holding 1 acidity Fresh butter Butter beld few I Storage butter 
'rrlal acidity Kind of butter adding temp. beld at 28'F. I weeks at 2S'F. held at O'F. 
no. ot culture added butter of Cream 
cream culture cream Cream Serum Age In 1 Age In Age in I 
- days Score days Score days Score 
- ------ -8'7:-o-m-od-l-fi-ed-b-.-c.---- -0-.-200/c-o----- --0-.-21-%- 0.2\)% --00-'4--1--- --93-~-~-----I--92-Itl-.-
1 0.15% 8% neut. modified b.c. .19 38" .19 .27 6 98'h 49 93 ISO 92 
1 No b.c. --.-15--1 --.-16-- --.-20-- --98--, ~ --9-1-
---- 8% modified b.c. --.-23-- ----1--.-22- --.-31-- - ----98--1-' --- --93------ --92-Itl-.-
---- ---- ---- ---, ---
2 .17 8% neut. modified b.c. .18 38 .16 .22 3 93',2 31 92',2 171 91',2 
No b.c. --.-17-- --.-17- --.23- --98--1 ~I ~
- -- 8% modified b.c. --.-22-------.-22- --.-81- ---- --9S-Itl-~- I--- --00-- ---- --93-'h--
3 .16 I 8% neut. modified b.c. --.-17-- 37 --.-17-- .24 2 ~ 'l:7 ~ 166 00'4 
---- ------ ---- --- ----
_ _______ No b.c. ___ ._16_, _______ ._16 _____ ._22 ________ ~ ______ ~ _ __ ~ 
8% modified b.c. .20 .20.28 98'h 93 93'4 
------ --------- ------ ------ ----
4 .15 , 8% neut. modified b.c. __ ._16__ 36 __ ._17 ____ ._24__ 2 ~ 60 __ 90___ 163 __ 92 __ _ 
_____ "_1 No b.c. __ .1_5_______ .20 _ ____ 00_1 ___ ._ 9_1_'h_1___ 93 
8% modified b.c. .21 .18 .26 ~ 92% 92% 
5 .15 1 8% neut. modified b.c. .17 86 .16 .22 10 __ ~__ 56 ~ 159 D2"'-
No b.c. .15 .15 .20 00'4 1 92 I 92 
----l~ -------,-------------------------------
~ 
~ 
~ 
Orlg. 
Trial acidity 
no. of 
cream 
Kind ot butter 
culture added 
----,----,----------------8% modified b.c. 
G .16% 8% neut. modilled b.c. 
No "b.c. 
--- ,---,--------
8% modified b.c. 
7 .16 8% neut. modified b.c. 
No b.c. 
- --,---1-------
8% modified b.c. 
8 .15 8% neut. modified b.c. 
No b.c. 
8% modified b.c. 
9 .15 8% neut. modified b.c. 
No b.c. 
TABLE 9.-(CONTINUED). 
I Score of butter Acidity Ohurnlng 
atter Holding acidity Fresh butter Butter held few Storage butter 
adding temp. held at 28'F. weeks at 28"F. held at O"F. 
butter of I I Cream 
culture cream , Cream serum Age in Age In 1 Age In I 
I days Score days Score days Score 
---------------------------
I 93% I 92% lIS%. 
==: 38' 1==1== 7 ~ 53 92% i 156 ~ 
___ , ___ , ___ , ___ ,~ ___ ' __ 92 __ I ___ ~ 
9~ I 91% 92% 
==: 88 1==1==1 ' 1 ~ i 60 ~ 158 1 93 
92% I . ~ 92% 
----,----.---, 93% ---I 92% -_-I 92 
88 1 I I 6 1 93 1 46 1 11S%. 14592 
__ ' __ ' __ ' __ ' __ '~I __ I_93_I __ '~ 
93 93% 92% 
- I -93 138 92% 
--- ---I 92% 
1- '-
,- '-
93% 39 88 3 
93 93 
c..:> 
~ 
fI:o. 
TABLE 10. INFLUENCE OF THE TYPE OF BUT'l'ER CDLTURE ON 'rHE FLAVOR AND KEEPING QUALITY O~' SWEET 
CREAM BUTTER 
Comparison of (a) adding 8 percent regular butter cu1ture at 70°F. with cooling at once, and (b) adding 8 percent pasteurized regular butter 
culture at 70°],'. with cooling at once 
Orlg. 
Trial acidity 
no. of 
cream 
Kind 0 f butter 
culture added 
8% regular b.c. 
1 I 0.16% I 
____ ,____ 80/0 past. regular b.c. 
, 80/0 regular b. c. 
2 .16 
8% past. regular b.c. 
-----1------1-----------------I 8% regular b.c. 3 .16 
______ I 8% past. regular b.c. 
8% regular b.c. 
.15 
80/0 past. regular b.c. 
----- ------
80/0 regular b.c. 
5 .15 
8% past. regular b.c . 
--- - - 1-------
8% regular b.c. 
.14 
8% past. regular b.c. 
- - --- ----- 1--------------
8% regular b. c. 
.15 
80/0 past. regular b.c. 
Score of butter 
Acldlty 
after Holding 
Churning 
acidity Fresh butter 
held at 28'F. 
Butter held few 
weeks at 2S'F. 
Storage butter 
held at O'F. adding temp. 1-------1 
butter of I Cream I I 
culture cream Cream serum Age In I Age In I Age In I 
days Score days Score days Score 
------------ ----------------------- ----
O.2f1'o I 0.24% 0.34% !IS I 113 I 92% 
------ 36' ------ ------ 2 ----- 60 ---- 180 -----
.24 .24 .84 93 92% 91~ 
--.-24---------.-24----~ -----~-----'~I----~ 
36 ---------- 3 59 ---- 179 
.25 .25 .35 93 91 92 
~------ --.-25-- --.-35-- ---~ ------9-2--'------~ 
36 ---------- 5 57 ---- 177 
.24 .24.24 93 92 93 
--.-'J:T----- --.-23-- --.-32-- -----~ ---- ---93---1------93 
37 --' ------- 2 53 ----- 175 
.23 .23 .82 93 I 92 I 92¥" 
----:;----- ---.-23---.32 ----93%1-----9-3--1-------; 
----- 36 ----------- 3 ---- 47 - - --I 167 -----
.23 .23 .32 93 92 91* 
--.-22- ----- --.-23- -.32 ----- --9-3-----93-'- - - - 91% 
37 --------- 2 32 ' 162 
.22 .23.32 92% 92 I 91 
--------'----1- --.23 .24 .34 93 I 92% 92 
-- 38 ---------- 2 ----I 25 --- 145 ----
.28 .24 .84 92'h 9214 9! 
W 
<:0 
<:), 
Orig. 
Trial 'I aCldltYI Neutrali-
no. of zatlon of 
cream cream 
TABLE 11. USE OF BUTTER OULTURE IN THE MANUFACTURE OF HIGH SCORING BUTTER 
Kind of 
butter culture 
Method of using 
the butter culture 
Churning 
acidity 
Cream 
Contest at which 
butter was scored Fresh butter 
Storage 
butter 
Score Cream I serum I Type 
---'---'---: Regular 8% b.c. not ripened; held 6 hr. \ 0,26'70 0,3&'701 State 
Regular 8% b,e. not ripened; held 6 hr. ,25 ,32 
0.14% None 
2 .15 None I State 
Time I Score I Crit~~ __ 
I Dec., 1931 94.00 \ I 
I Jan., 1932 94.00 
.15 None 
.14 None 
5 .13 None 
6 .15 None 
7 .14 None 
8 I .18 I None 
9 .17 None 
10 .16 None 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
.18 
,16 
,14 
,14 
.18 
,18 
,17 
.18 
,16 
,13 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Nonc 
Regular 9% b,c. not ripened; held ·6 hr, 
Regular I 70,1, b.c, not ripened; held 6 hr, 
Regular I 8% b,c. not ripened; held 6 hr, 
Regular 7% b.c. ripen. 1 hr.; held 12 hr. 
Modified 8% b.c. not ripened; held 12 hr. 
Modified 7% b.c. not ripened; held 12 hr. 
Regular 70,1, b.c. not ripened; held 12 hr. 
Regular 7% b.c. not ripened; held 12 hr. 
Regular I 7% b.c. not ripened; held 12 hr. 
Modified I 8% b.c. not ripened; held 12 hr. 
Modified 8% b.c. not ripened; held 12 hr. 
Modified 8% h.c. not ripened; held 12 hr. 
Modified 8% b.c . not ripened; held 12 hr. 
Regular 8% b.c. not ripened; held 12 hr. 
Regular 8% b.c. not ripened; held 12 hr, 
Regular 7% b.c. not ripened; held 12 hr. 
Regular 7% b.c. not ripened; held 12 hr. 
Mado with 0.15% citric ncid 8% b.c. not ripened; held 12 hr·. 
.27 
.24 
.26 
.27 
.25 
.27 
.37 National 
.33 1~ 
.36 I State 
.37 State 
Feb., 1932 I 93.16 
March,1932 
\ 
April, 1932 \ 
May, 1932 
94 .00 
93.50 
93.66 
.33 I National 1 June, 1932 1 94.25 
.37 State I July, 1932 :l2 00 
SI. conr,c 
SI. cOarse 
SI. coarse 
Coarse 
.26 .36 ; National I Aug., 1932 I 93.00 I SI. coarse 
.25 .36 State Nov., 1932 I 93.16 
.26 
,24 
.23 
.23 
.25 
.26 
.26 
.26 
,25 
.23 
,35 I State 
.33 I State 
.30 National 
.31 State 
.35 I State 
.37 I State 
.36 I National 
---
.36 State 
.35 State 
.31 State 
Dec., 
I Jan . , 
Feb .. 
1932 
1933 
1933 
93.00 
P4.OO 
94.00 
, March, 1933 94.00 
April, 1933 
May, 1933 1 
1 June, 
July, 
-I Dec., 
Jnll.) 
1933
1 
1933 
1933 
)934 
92.50 
92.00 
94.00 I 
Coarse acid 
Coarse acid 
92.00 Coarse acid 
93.00 I SI. COarse 
94.50 I 
9S.60 
93.50 
~ 
<.0 
m 
-21f -:i41 None Made with 0.16"/0 citric acid 8% b.c . not ripened; held 12 hr. 
22 .18 
28 .13 
24 . 15 
25 .12 
26 .18 
27 .18 
21' .W 
29 .17 
00 .1& 
31 .13 
32 .13 
38 .15 
34 .14 
35 .15 
36 .14 
37 .17 
38 .16 
39 .14 
40 .18 
41 .11) 
42 .]9 
4.~ .17 
H . 17 
45 .16 
None 
None 
None 
None 
None . 
None 
Made with 0.16"/0 citric acid 
Made with 0.16"/0 citrIc acid 
Made with 0.16"/0 citric acid 
Made with 0.16"/0 citric acid 
Made with 0.16"/0 citric acid 
Made with 0.16"/0 citric acid 
To 0.100{ . Made with 0.16"/0 citric acid 
, Made with 0.16"/0 citric acid To 0.10% 
,To 0.10% 
To 0.08% 
ITO 0.08"1< 
'1'00 .08% 
To 0.08% 
To 0.0801< 
To 0.10% 
, Made with 0.16"/0 citric acid 
. Made with 0.16"/0 citric acid 
Made with 0.15% citric acid 
Made with 0.16"10 citric acid 
Made with 0.16"/" citric acid 
Made with 0.15% citrIc acid 
Made with 0.]5% citric acid 
, Made with 0.15% citric acid 'fo 0.10% 
To 0.10% 
To 0.10% 
To 0.10% 
To 0.]0% 
To 0.10% 
Made with 0.15% citric acid 
Made with 0.1% citric acid 
Made with 0.1% citric acid 
Made with 0.1% citric acid 
Made with 0.1% citric acid 
'1'oO.lOS" : Made with 0.1% citric acid 
, Made with 0.1% citric acld To 0.10% 
8% b.c. not ripened; held 8 hr. 
12"/0 b.c . not ripened; held 8 hr . 
12% b .c. not ripened; held 8 hr . 
10% b .c. not ripened; held 8 hr. 
7% b .c. not ripened; held 8 hr. 
7% b .c. not ripened; held 8 hr. 
8% b.c. ripen. 1 hr.; held 8 hr. 
9% b.c. ripen. 1 hr.; held 8 hr. 
7% b.c . ripen. 1 hr.; held 8 hr. 
9% b.c. ripen . 1 hr. ; held 8 hr . 
loo/o ·b.c. ripen. 1 hr. ; held 8 hr. 
10% b.c. ripen. 1 hr.; held 8 hr . 
12"/0 b.c. not ripened; held 8 hr. 
9% b.c. ripen. 1 hr.; held 8 hr. 
10% b.c. ripen. 2 hr.; held 8 hr. 
10% b .c. rlpcn . 1 hr.; held 8 hr. 
10% b.c. ripen. 2 hr.; held 8 hr. 
120/0 b.c . not ripened; held 8 hr. 
12"/0 b.c. not ripened; held 8 hr . 
12"/0 b.c. not rIpened; held 8 hr. 
12"/0 b .c. not rIpened; held 8 hr . 
14% b .c . not ripened; held 8 hr. 
13% b.c . not ripened; held 8 hr . 
---1--------- '1-------
"To 0.10% Made with 0.1% citric acid 14% b.c. not ripened; held 8 hr . 
.24 
.27 
.24 
.26 
.24 
. 27 
.27 
.24 
.25 
.25 
.24 
.24 
.28 
.28 
.25 
.24 
.23 
.24 
.22 
.22 
.28 
.23 
.24 
.24 
.24 
.33 
.36 
.33 
.35 
.33 
.36 
.36 
.33 
.34 
.84 
.82 
.33 
.00 
.29 
.34 
.33 
.30 
.32 
.27 
.26 
.27 
.27 
.38 
.38 
.32 
---- 1 
National Feb . , 1004 I 
State March,1934 
State April, 1934 I 
State 1I1ay, 1934 
National June, 1934 
National Juiy , 1934 
I I State Aug., 1934 
National I Scpt., 1934 
National I Oct . , 1934 
State 
State 
State 
I State National 
I State 
I State 
I State 
I State 
I Oct. , 1934 
Nov., 1934 
I Dec . , 1934 I 
1 Jan., 1935 
1 Feb., 1935 
11I1arch, 1935 
1 April, 1935 
1 lIlay, 1935 
June, 1935 
National I June, 1935 
State 1 July, ]035 
Nation-;]' Aug., 1935 
State I Aug., 1935 
I Nationa) I Sept., 1935 
I Na tiona) Oct . , 1985 
I National I Nov., 1935 
94.00 
00.00 I SI. coarse 
94.50 
93.00 ' SI. coarse 
94.25 
93.00 SI. coarse 
92.50 I Coarse 
95.25 
94 .25 
93.50 
95.00 
95.00 
1 
93.00 I Mild 
1)4 .75 
93 .00 
94.50 
93. 00 11I1i1d 
94 .00 
94.25 I 
I 
94.50 I 
I 
95.00 
95.00 1 
96 .~ 
95.00 
96.25 1 
94.00 
94.00 
c..:> 
<=> 
-1 
TABULATION A 
Comparison of 
A 
Addition 01 culture 16 hr. before churning 
Various comparisons 
Addition of culture 16 br. before churniug 
B 
Addition of culture at churning 
Data 
Treatment giving signifi-
cantly better 
Type from I Butter I 
of table Fresb beld Storage 
cream no. butter at 28°F. butter 
Swectt --l-~I-----A--
1-----------
Sweet 2 Not treated statistically 
Sour 3 A+ Neither! 
._-------------------.----.----.----.----.----
l()% culture added to cooled cream Sweet A A A 
Cream ripened 1 hr. at roOF. Sweet Ncitber A+ Neitber 
1--- -,--- ---- - - - - ----
C>:> 
<D 
00 
Regular culture neutralized used In cream Regular culture used in cream I I 
Regular culture used In cream No culture ! 
Regular culture neutralized used In cream No culture 
Modilled culture used In cream Modified culture neutralized used in cream 
Modilled culture used In cream No culture 
Modilled culture neutralized used in cream No culture 
gular culture u In cream Regular culture pasteurized used In cream 
tIn eludes a few churnings of slightly sour cream. 
* Actually highly significant, according to statistical treatment. 
Sweet 
Sweet 
Sweet 
Sweet 
Sweet 
Sweet 
Sweet 
Neither A Neither 
8 A Neither I Neither 
A A Neither 
Neither I Neither A 
------,----
9 A* A* I A 
I--A-- Neither Neither 
--1-0----;:;----;:;-1 Neither 
I 
:j:Although the difference was not significant statistically. because of the small differences in scores or because of their large variability. 
the number of higher scores were 10 and 3 for treatments A and B. respectively. In various other instances in which the effect of using 
butter culture was not statistically significant. the butter made with culture gave more high scores than the butter made without culture. (See the various summaries.) . 
~ 
CO 
CO 
